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FORWORD 


This  report  covers  ground  starting  test  of  F-4  aircraft  in  the  Eglin  climatic 
chamber  as  directed  by  HQ  AFLC,  in  compliance  with  USAF/LGY  Project  Directive 
PDM  L-Y  8026  (1),  14  February  1978. 


The  following  personnel  were  directly  involved  in  the  test  program: 


Test  Director 
Assist  Test  Director 
Advisor 

ADTC  Test  Coord 
ADTC  Project  Eng 
Crew  Chief,  F-4D 
Crew  Chief,  F-4D 
Crew  Chief,  F-4E 
Engine 


Mr  Tomio  Mitsunaga 
Mr  Steve  Ruedy 
Mr  Ron  Lanning 
Mr  Art  Goolsby 
Mr  Ray  Stark 
S/sgt  Robert  Haney 
S/sgt  Douglas  Tyler 
T/sgt  Dan  Roy 
S/sgt  Davies 


00-ALC 

OC-ALC 

General  Electric 

Eglin 

Eglin 

McDill 

McDill 

Homestead 

Eglin 


There  were  many  more  who  were  involved  in  making  the  ground  start  test  a 
success  but  due  to  space  available  all  the  names  could  not  be  listed.  The 
assistance  provided  by  the  people  who  participated  directly  or  indirectly  in 
the  F-4  cold  weather  starting  test  at  Eglin  AFB  FL,  during  12  Jun-18  Aug  78, 
was  essential  in  completing  the  test  in  a timely  manner. 
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ABSTRACT 


The  purpose  of  the  ground  test  was  to  determine  if  there  was  any  degradation 
to  the  F— 4 ground  start  during  cold  weather  with  the  aircraft  serviced  with 
JP-8  fuel.  Also,  several  proposals  for  improving  the  F-4  low  temperature 
starting  capability  were  tested.  Various  combinations  of  fuel,  JP-4  and  JP-8, 
and  engine  specific  gravity  settings,  .78  and  .82  were  tested  to  simulate 
actual  field  situations.  ^ Based  on  the  test  results  the  following  conclusions 
were  made:  ' 


1.  With  the  aircraft  serviced  with  JP-8  and  the  fuel  control  specific  gravity 
at  .82,  the  two  F-4  aircraft  used  in  the  ground  start  test  were  able  to  start 
as  low  a3  -40°  F.  The  only  starting  degradation  noted  was  the  longer  time 
required  for  the  engine  to  reach  idle  RPM.  At  no  time  did  the  engine  exhaust 
gas  temperature  (EGT)  exceed  the  maximum  allowable  temperature. 


2.  The  modified  liner  and  High  Energy  Ignition  System  (HEI)  modification  did 
not  improve  the  F-4  starting  characteristic. 


3.  With  the  aircraft  serviced  with  JP-4  or  JP-8  and  the  fuel  control  specific 
gravity  set  for  .78  (setting  for  JP-4)  or  .82  (setting  for  JP-8),  the  various 
combination  of  fuel  and  specific  gravity  settings  did  not  adversely  affect  the 
cold  weather  starting  capability  of  the  F-4  aircraft. 
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INTRODUCTION 


We  have  been  informed  by  HQ  USAF  that  NATO  countries  will  be  converting  from 
JP-4  to  JP-8  fuel.  Indications  are  that  in  1979  F-4  aircraft  receiving  fuel 
in  the  United  Kingdom  will  be  serviced  with  JP-8.  Prior  to  this  date,  F-4 
aircraft  performance  and  operation  when  using  JP-8  must  be  investigated  and 
any  adversity  noted  must  be  annotated  in  applicable  tech  orders.  Presently 
the  aircraft  flight  performance  is  being  tested  at  Air  Force  Flight  Test 
Center  (AFFTC)  Edwards  AFB  CA.  Another  area  of  concern  is  the  cold  weather 
starting  capability  of  the  F-4  aircraft.  Limited  testing  that  had  been 
conducted  at  Grand  Forks  AFB  ND  indicated  that  F-4E  would  not  start 
consistently  below  +40o  f.  Because  of  the  restricted  starting  capability  of 
the  F-4E  aircraft  found  at  Grand  Forks,  several  ideas  for  improving  the  F-4E 
starting  capability  were  suggested.  HQ  AFLC  requested  Ogden  ALC  with  OC-ALC 
assistance  to  test  two  F-4  aircraft  with  two  different  model  engines,  J79-15 
and  -17,  in  the  Eglin  climatic  chamber  to  determine  the  minimum  starting 
temperatures  under  temperature  controlled  conditions.  Furthermore,  Ogden  ALC 
was  requested  to  investigate  other  proposals  of  improving  the  starting 
capability  of  the  F-4  aircraft.  The  specific  objectives  for  the  cold  weather 
ground  starting  test  were  as  follows: 


a.  Determine  minimum  starting  temperature  of  the  F-4  aircraft  utilizing 
JP-8  fuel  with  engine  main  fuel  control  specific  gravity  set  for  .82  for  the 
following  engine  configuration: 

( 1 ) Engine  using  standard  combustion  liner  and  standard  ignition 

system. 

(2)  Engine  using  modified  combustion  liner  (closed  off  louver)  and 
standard  ignition  system. 

(3)  Engine  using  high  energy  ignition  (HEI)  system  and  standard 
combustion  chamber. 

(4)  Engine  using  HEI  and  modified  liner. 


b.  Determine  the  starting  characteristic  of  the  F-4  aircraft  utilizing 
JP-8  fuel  with  specific  gravity  set  at  .78  (JP-4  fuel  setting).  The  engine  is 
to  be  configured  for  standard  ignition  and  combustion  chamber. 


c.  Determine  the  starting  characteristic  of  the  F-4  aircraft  utilizing 
JP-4  fuel  with  main  fuel  control  specific  gravity  set  for  .78  and  .82. 
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DESCRIPTION 


/ 


AIRCRAFT: 

Two  aircraft  were  provided  by  HQ  TAC  for  our  ground  start  test  (see  Figures  1 
and  2).  The  two  aircraft  selected  for  our  program  were  F-4E,  S/N  68-450,  and 
F-4D,  S/N  66-478.  The  aircraft  had  the  following  engines  and  starters 
installed: 


F-4E 

RH  Engine  J79-17,  S/N  453489,  559.1  since  last  overhaul  and  had  just  completed 
600  PE.  Total  engine  time  was  1787.1  hours.  AiResearch  starter,  S/N  P5880, 
was  0 time  starter. 

LH  Engine  J79-17,  S/N  430911,  00  hours  since  last  overhaul.  Total  engine  time 
was  2223.8  hours.  Sundstrand  starter,  S/N  1840,  was  00  time  starter. 


F-4D 

RH  Engine  J79-15,  S/N  434353,  106.2  hours  since  last  overhaul.  Total  engine 
time  was  2140  hours.  AiResearch  starter,  S/N  PI 68 13 , had  398  hours  since  last 
overhaul . i 

LH  Engine  J79-15,  S/N  420044,  00  hours  since  last  overhaul.  Total  engine  time 
3517.7.  Sundstrand  starter,  S/N  345,  had  300  hours  since  last  overhaul. 


FUEL 

The  arrangement  of  JP-8  for  our  test  was  made  by  HQ  AFLC.  The  analysis  of  the 
fuel  is  included  in  Appendix  V. 

CARTRIDGES,  MXU-4A 

The  cartridges  were  obtained  through  normal  supply  channels.  All  the 
cartridges  were  made  by  Olin  Mathieson  and  were  from  the  same  lot  number, 

OL 12-36. 

PNEUMATIC  GROUND  CART 

The  pneumatic  air  used  for  starting  came  from  M32A-60  ground  cart.  Later  the 
M32A-60  was  replaced  by  a MA-1A  cart  which  was  easier  to  move  and  maintain. 

MONITORING  EQUIPMENT 

Magnetic  tape  recorder,  PDP11/45  computer  and  textronex  copier  4023  CRT  were 
used  to  monitor  and  record  the  ambient  temperature  of  the  chamber,  fuel 
manifold  temperature,  engine  RPM  and  engine  starter  pressure. 
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GENERAL  VIEW  OF  F-4E  TEST  AIRCRAFT  IN  EGLIN  CLIMATIC  LAB 


FIG  2 GENERAL  VIEW  OF  F-4D  TEST  AIRCRAFT  IN  EGLIN  CLIMATIC  LAB 


PREPARATION  AND  TESTING 


GENERAL : 

The  ground  starting  test  runs  were  conducted  in  accordance  with  the  basic 
ground  start  test  directive  in  appendix  I and  as  directed  by  the  test  director. 
It  was  recommended  that  the  aircraft  be  cold  soaked  for  minimum  of  12  hours  to 
insure  the  fuel  and  engine  temperature  are  at  the  desired  temperature, 
however,  we  were  forced  to  make  two  starts  per  day  (cartridge  start  in  the 
morning  and  a pneumatic  start  in  the  afternoon)  because  we  were  limited  in 
time  and  money.  This  procedure  did  insure  that  for  a cartridge  start  we  had 
adequate  cold  soak  time,  (minimum  of  17  1/2  hours).  The  soak  time  for 
pneumatic  start  was  considerable  less  than  the  recommended  time.  The  average 
time  was  around  5 1/2  hours.  It  was  felt  that  if  a cartridge  start  could  be 
made,  there  was  no  doubt  a pneumatic  start  could  be  made  at  that  same 
temperature.  In  several  cases  where  we  were  unable  to  make  a cartridge  start 
in  the  morning,  we  made  the  cartridge  start  in  the  afternoon  and  deleted  the 
pneumatic  run  for  that  temperature.  If  the  cartridge  start  had  failed,  we 
would  of  changed  our  schedule  and  made  a pneumatic  start  the  next  day, 
however,  we  were  never  forced  to  make  a pneumatic  start  the  next  day. 

The  two  aircraft,  F-4E,  S/N  68-450  and  F-4D,  S/N  66-478,  were  provided  by  TAC 
for  the  test  program.  TAC  also  made  arrangements  to  provide  crew  chief, 
engine  mechanic  and  observers.  Prior  to  starting  the  cold  weather  start  test, 
the  engines  from  the  two  test  aircraft  were  removed  and  modified  with  high 
energy  ignition  (HEI)  system  on  the  RH  engine  in  the  number  4,  combustion 
chamber.  Also,  a modified  combustion  liner  (closed  off  louver)  was  installed 
in  all  4 engines  in  place  of  the  existing  number  4 combustion  liner.  By 
pulling  the  circuit  breaker  for  ignitor  plugs  in  either  number  4 or  5 
combustion  chamber  or  moving  the  Ignitor  plug  with  the  HEI  from  chamber  number 
4 to  the  chamber  number  5,  we  were  able  to  test  the  engine  in  the  various 
configuration;  standard  (standard  combustion  liner  and  standard  ignition 
system),  HEI  (standard  combustion  chamber  and  HEI  ignition  system).  Modified 
liner  (modified  combustion  chamber  and  standard  aircraft  ignition  system)  and 
HEI  with  modified  liner  (HEI  ignition  system  and  modified  combustion  chamber) . 

After  the  engines  had  been  modified  they  were  sent  through  the  test  cell, 
installed  in  the  aircraft  and  retested  at  the  trim  pad.  No  major  problems 
recorded.  Then  the  aircraft  were  defueled  and  bucket  drained.  Next  the 
aircraft  were  refueled  with  JP-5  and  operated  for  a short  interval  to  purge 
the  fuel  control  of  JP-4.  Again  the  aircraft  was  defueled  and  bucket 
drained.  Finally  the  aircraft  was  serviced  with  JP-8.  Fuel  samples  from 
number  six  fuel  cell  drain,  engine  fuel  feed  line,  fuel  drain  in  door  22  and 
wing  tanks  were  taken.  The  fuel  samples  indicated  the  flash  point  were  around 
106o  f which  was  close  to  the  flash  point  of  the  stored  JP-8  fuel. 

The  aircraft  tie  down  was  designed  and  installed  by  ADTC  personnel  in  the 
climatic  chamber.  Figure  3 shows  how  the  tie  down  was  accomplished.  The 
aircraft  were  placed  on  jackets  and  tie  down  cables  were  used  to  secure  the 
aircraft.  It  was  imparative  that  the  aircraft  did  not  move  during  engine  run, 
because  of  the  close  clearance  between  the  engine  exhaust  and  the  chamber 
exhaust  duct.  The  aircraft  was  operated  at  MIL  power  and  only  minimal  amount 
of  aircraft  movements  were  noted. 
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FIGURE  3.  GENERAL  VIEW  OF  TIE  DOWNS  AND  JACKS 


Dae  to  the  short  time  to  prepare  for  the  test  program,  we  limited  ourselves  to 
the  number  of  test  points  to  be  monitored.  The  instrumentation  was  installed 
by  ADTC  personnel.  The  test  points  we  requested  to  be  monitored  were  as 
follows: 

1 . Engine  RPM 

2.  Starter  pressure 

3.  Engine  fuel  manifolu  temperature 

4.  Aircraft  nose  temperature  (climatic  temperature) 

The  instrumentation  wiring  were  run  from  the  aircraft  to  the  signal 
conditioner  in  the  control  room  which  was  located  in  the  climatic  chamber. 

The  signal  was  then  transmitted  to  the  magnetic  tape  recorder  in  the  computer 
room  and  then  back  down  to  the  control  room  on  a video  scope  and  textronix 
copier  4023  CRT.  The  process  data  was  displayed  in  real  time  on  a textronix 
4023  CRT  and  copier.  A textronix  copier  was  used  for  an  instantenous  record 
of  the  test  parameter  which  proved  extremely  useful  for  on-the-spot  evaluation/ 
comparisons  between  runs  (figure  4). 

Initially  the  M32A-60  pneumatic  air  cart  was  used  to  furnish  the  pneumatic  air 
for  starting  and  aircraft  external  electrical  power.  As  the  climatic  chamber 
temperature  was  lowered,  it  became  difficult  to  move  the  air  cart  from  one 
aircraft  to  the  other.  Also  it  was  difficult  to  keep  in  operating  condition. 
Since  we  were  not  required  to  test  the  M32A-60  cart,  it  was  decided  that  the 
-60  cart  would  be  replaced  by  the  electrical  power  from  the  lab  and  MA-1A  cart 
for  pneumatic  air.  The  MA-1A  was  much  smaller  and  easier  to  handle.  To 
insure  the  cart  would  operate  during  the  test,  it  was  kept  outside  until  it 
was  time  to  start  the  aircraft. 

The  pilots  from  TOC/Eglin  AFB  were  used  during  the  cartridge  starts  in 
accordance  with  Air  Force  regulation.  A total  of  four  pilots  were  utilized 
through  out  the  test  program.  Efforts  were  made  to  keep  the  number  of  pilots 
to  a minimum  to  standardize  pilot  operating  technique  but  due  to  TOC  flying 
schedule  we  had  to  use  the  pilots  that  were  available,  however,  each  new  pilot 
was  indoctrinated  to  move  the  throttle  and  press  the  ignition  button 
approximately  five  seconds  before  moving  the  start  switch.  All  pneumatic 
starts  were  performed  by  the  crew  chiefs  for  the  applicable  aircraft. 

Starting  technique  was  in  accordance  with  the  tech  order. 

The  cartridges,  MXU-4A  were  stored  in  a room  outside  of  the  climatic  chamber. 

At  the  end  of  each  cartridge  start  run,  five  cartridges  were  placed  in  a pre- 
selected area  in  the  climatic  chamber  for  cold  soaking.  An  extra  cartridge 
was  cold  soaked  in  case  of  a cartridge  malfunction  there  would  be  an  immediate 
cartridge  replacement  available.  The  cartridges  were  removed  from  the 
container  just  prior  to  making  a cartridge  start.  All  safety  requirements 
were  adhered  to  at  each  cartridge  start.  There  was  a fire  truck  stationed 
outside  of  the  climatic  chamber  for  immediate  response.  Fire  guards  were 
located  around  the  aircraft  as  well  as  a fire  guard  stationed  outside  near  the 
engine  exhaust.  There  was  a guard  stationed  at  the  V door  whose 
responsibility  was  to  open  the  door  for  the  fire  truck  in  case  of  fire. 
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FIGURE  4.  TEXTRON  1C  4023  CRT  COMPUTER  AND  COPIER 


TEST  RESULTS 


JP-8 , SG  0.82  STANDARD  ENG  CONFIGURATION. 

The  first  series  of  runs  were  made  with  the  aircraft  fueled  with  JP-8  and 
specific  gravity  (S.G.)  set  at  0.82  (a  value  selected  for  JP-8).  (Run  1-9  and 
13.)  The  engines  were  configured  for  standard  configuration.  This  would 
simulate  a field  condition  if  we  were  to  service  a F-4  aircraft  with  JP-8 
today.  The  only  difference  would  be  that  in  our  test  we  operated  with  only 
one  ignitor  plug  in  each  engine.  Normally  two  ignitor  plugs  are  fired 
simulantenously,  therefore,  as  long  as  we  are  able  to  start  the  engines  in 
climatic  chamber,  we  were  more  confident  that  a start  could  be  made  in  the 
field  using  two  ignitor  plugs. 

The  climatic  lab  temperature  was  started  at  +40o  p an(j  was  lowered  at 
increments  of  10o  p to  -40°  F (run  No  1 thru  9 and  run  No  13) (see  Appendix 
II,  III  and  IV).  In  several  instances,  the  aircraft  failed  to  start  or  reach 
idle  RPM.  These  failures  were  not  attributed  to  JP-8  fuel  but  due  to  aircraft 
component  failures,  e.g.,  defective  breech  cap,  stuck  throttle  mirco  switch, 
and  frozen  starter  switches.  These  type  of  failures  were  most  noticable  at 
-40o  p,  we  attempted  to  make  a cartridge  start  at  -40o  f twice  (run  # 9 
and  13)  and  in  each  case  two  out  of  four  engines  failed  because  of  component 
malfunction  or  failure.  At  this  temperature,  the  engine  start  time  increased 
to  116,  121,  128  and  113  seconds.  At  no  time  did  the  engine  EGT  exceed 
maximum  allowable  limits. 

JP-8,  SG  .78,  STANDARD  ENGINE  CONFIGURATION 

Since  we  were  able  to  start  the  engine  at  -40o  f with  the  engine  in  standard 
configuration  we  modified  the  existing  test  plan.  We  felt  there  was  no  need 
to  raise  the  climatic  chamber  temperature  back  up  to  +40o  f for  each  series 
of  test  runs.  This  would  be  costly  and  time  consuming  therefore,  we  elected 
to  just  test  each  of  new  conditions  at  -10o  f,  -20o  f and  -300  F.  For 
run  10,  11  and  12  we  changed  the  SG  0.78  to  simulate  a condition  in  the  field 
where  JP-8  was  serviced  for  the  first  time  and  the  main  fuel  control  SG  was 
not  changed.  A faster  starting  time  was  recorded  during  these  run  in  the 
cartridge  mode.  The  time  ranged  from  33  to  65  seconds  for  F-4E  and  32  to  43 
seconds  for  F-4D.  For  some  unknown  reason  at  -20o  f,  the  fastest  starting 
time  was  recorded  for  F-4E  aircraft  for  this  run. 

JP-8,  SG  0.82  RH  ENGINE  - MODIFIED  LINER  AND  HEI;  LH  ENGINE  - MODIFIED  LINER 

By  resetting  the  number  1 circuit  breaker  (C/B)  and  pulling  the  number  2 C/B, 
the  ignitor  plug  in  the  number  4 chamber,  this  would  test  the  modified  liner 
with  HEI  on  RH  engine  and  modified  liner  on  LH  engine.  This  was  accomplished 
on  run  14,  15  and  16.  Here  again  the  F-4D  aircraft  consistently  started 
faster  than  F-4E  aircraft  in  cartridge  and  pneumatic  mode  of  starting.  At 
-30o  p the  starting  time  increased  significantly.  In  cartridge  mode  for 
F-4E  aircraft  the  time  was  approximately  100  seconds  while  F-4D  aircraft  start 
time  was  82  and  43  seconds.  In  pneumatic  mode  the  start  time  was  from  50  to 
62  seconds  at  temperatures  of  -20o  p and  -300  f.  (See  Appendix  V for 
start  time) 
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JP-8 , SG  0.82,  HEI  ON  RH  ENGINE,  STANDARD  ON  LH  ENGINE 

In  this  test  we  switched  the  #4  ignitor  plug  (connected  to  the  HEI)  with  the 
ignitor  plug  It 5 in  only  the  RH  engine.  By  pulling  the  C/B  #1  on  the  RH  engine 
and  pulling  the  C/B  #2  on  the  LH  engine  we  test  the  HEI  on  RH  engine  and 
standard  configuration  on  LH  engine.  This  was  accomplished  on  run  17,  18  and 
19.  However,  we  failed  to  pull  the  C/B  #2  on  LH  for  the  first  run  at  -10o 
F.  This  resulted  in  the  engine  being  tested  with  a modified  liner.  On  run  18 
we  corrected  the  error.  Here  again  we  made  cartridge  and  pneumatic  starts  at 
-10o  p,  -20o  f and  -300  F with  no  problems.  As  the  temperature  was 
lowered,  the  starting  time  for  F-4E  aircraft  was  60  seconds  LH,  46  second  RH 
at  -10O  f,  81  and  57  seconds  at  -20°  F,  and  89  and  87  seconds  at  -300  F. 

The  F-4D  aircraft  start  time  was  33  and  41  seconds  at  -10,  43  and  39  seconds 
at  -20o  f,  and  90  and  54  second  at  -30©  F.  In  pneumatic  mode  the  starting 
time  ranged  from  47  to  56  second  for  both  aircraft  for  temperatures  at  -10of 
and  -20 o f. 


JP-4 , SG  .78,  ENGINE  STANDARD  CONFIGURATION 

The  aircraft  was  defueled  and  refueled  with  JP-4  without  moving  the  aircraft 
out  of  the  hangar.  All  safety  precautions  were  adhered  to,  to  insure  safe 
operation.  These  series  of  runs  were  made  for  the  purpose  of  getting  a base 
line  for  JP-8  to  be  compared  with.  The  ignitor  plugs  in  the  RH  engines  were 
interchanged  again.  By  pulling  the  #1  C/B,  the  engines  were  tested  in  the 
standard  configuration.  The  start  times  (run  No  20,  21  and  22)  were  con- 
sistently faster  in  both  cartridge  and  pneumatic  mode,  in  fact  at  -30o  f the 
start  time  did  not  increase  significatly  over  start  times  at  -20o  f.  With 
JP-8  as  the  temperature  got  lower,  the  time  increased  considerably  but  not 
with  JP-4.  The  average  start  time  using  JP-4  at  -10o  to  -30°  F for  F-4E 
aircraft  wa3  41  seconds  and  for  F-4D  was  32  seconds.  In  pneumatic  starting 
mode,  the  starting  time  ranged  from  44  to  56  seconds  for  F-4E  aircraft  and  40 
to  46  seconds  for  F-4D  aircraft. 

JP-4,  SG  .82,  ENGINE  IN  STANDARD  CONFIGURATION 

In  this  series  of  test  we  changed  the  SG  to  .82  with  the  aircraft  serviced 
with  JP-4.  Test  results  showed  no  noticeable  degradation  in  start  time  in  run 
22  and  23  at  temperatures  -20o  F and  -30o  F when  compared  with  run  21  and 
22.  The  average  start  time  for  F-4E  aircraft  was  41  seconds  and  F-4D  was  35 
seconds  at  -20  and  -30o  F.  In  pneumatic  mode  the  starting  times  were  45, 

47,  43  and  48  seconds  at  -20o  F.  No  other  runs  were  made  in  the  pneumatic 
mode. 
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CONCLUSION 


JP-8 , SG  .82,  STANDARD  ENGINE  CONFIGURATION 

The  test  results  showed  that  the  two  test  aircraft,  F-4E  and  F-4D  were  able  to 
start  as  low  as  -40o  f.  Several  times  the  aircraft  failed  to  start  or 
attain  idle  RPM  but  the  failures  were  not  attributed  to  JP-8  fuel.  The 
failures  were  due  to  aircraft  component  or  ground  support  equipment  mal- 
function. The  test  results  indicated  that  the  F-4  aircraft  can  be  started 
using  JP-8  at  temperature  as  low  as  -40o  p,  however,  the  pilots  should  be 
made  aware  that  the  start  time  may  drag  out  to  125  seconds.  In  many  of  the 
long  start  times,  it  appears  the  engine  had  a hung  start  with  very  little 
change  in  RPM.  With  our  video  scope  we  were  able  to  tell  that  the  RPM  was 
either  decreasing  or  increasing  even  though  it  was  a small  amount.  A pilot 
would  have  a difficult  time  reading  his  RPM  guage  to  note  the  small  change  in 
RPM.  Recommend  as  long  as  the  engine  EGT  does  not  exceed  maximum  allowable 
limit,  the  pilot  should  not  terminate  a start  immediately  even  though  it 
appears  the  engine  has  a hung  start.  The  pilot  should  wait  approximately  30 
seconds  before  terminating  the  start. 

Even  though  the  aircraft  was  not  cold  soaked  properly  (a  minimum  of  12  hours) 
for  the  pneumatic  run,  we  are  confident  that  the  F-4  aircraft  can  be  started 
in  the  field  as  low  as  it  did  in  our  test,  -40o  f.  This  is  based  on  the 
fact  that  we  were  able  to  make  cartridge  starts  at  that  temperature. 

JP-8,  SG  .78,  STANDARD  ENGINE  CONFIGURATION 

The  field  should  not  have  any  problems  in  starting  the  F-4  aircraft  in  cold 
weather  when  the  aircraft  is  serviced  with  JP-8  and  SG  set  at  .78.  The  start 
time  improved  when  the  specific  gravity  setting  was  changed  from  .82  to  .78, 
however,  even  with  the  faster  starting  time  the  pilots  will  experience  what 
appears  to  be  a hung  start.  By  waiting  approximately  30  seconds  before 
terminating  a ground  start  many  of  the  aborted  starts  can  be  eliminated,  if 
not  all.  In  our  test  we  never  experienced  any  hung  starts. 

In  the  pneumatic  mode  at  -lOo  f,  the  start  time  ranged  from  75  to  97  seconds 
but  as  the  temperature  was  lowered,  the  start  time  ranged  from  44  to  53 
seconds  which  was  typical  of  other  starting  times.  Examination  of  the  test 
data  revealed  that  the'  long  start  time  coincided  with  a long  delay  in  engine 
ignition  time.  On  both  aircraft,  the  engine  ignition  time  took  50  to  60 
seconds.  Due  to  our  limited  instrumentation,  we  have  no  explanation  for  the 
long  delay  in  ignition  time. 

JP-8,  SG  .82,  ENGINE  CONFIGURATION  - MODIFIED  LINER,  HE I AND  MODIFIED  LINER  HE I 

With  only  a limited  number  of  test  points  it  appears  the  various  modification 
to  the  engine,  (HEI  and  modified  liner)  did  not  improve  or  cause  any 
degradation  to  the  engine  starting  characteristic,  therefore,  we  do  not 
recommend  incorporating  the  HEI  or  modified  liner  for  the  purpose  of  improving 
the  F-4  starting  characteristic. 


JP-4 , SG  .78,  STANDARD  ENGINE  CONFIGURATION. 


The  aircraft  present  configuration  utilizing  JP-4  provided  the  consistently 
faster  start  time  except  for  one  point  at  -10o  f,  LH  engines,  F-4E,in 
cartridge  mode.  The  aircraft  took  63  seconds  to  reach  idle.  All  "other  starts 
on  that  same  engine  took  between  34  to  40  seconds  to  reach  idle  RPM  for 
temperatures  between  -10o  p to  -30°  F.  It  is  difficult  to  analyze  why  the 
LH  engine  took  as  long  as  it  did  for  that  one  start.  It  appears  to  be  an 
isolated  case,  otherwise,  data  presented,  in  our  opinion,  is  a representative 
sample  for  base  line  data. 

JP-4  SG  .82  STANDARD  ENGINE  CONFIGURATION 

Changing  the  SG  from  .78  to  .82,  did  not  change  the  engine  starting 
characteristic  appreciably,  however,  it  was  noted  that  the  J79-15  engine  was  a 
faster  starting  engine  than  the  J79-17  engine.  This  was  also  true  throughout 
our  test,  and  the  test  at  Grand  Forks  in  March  1978.  It  did  not  matter 
whether  the  aircraft  was  serviced  with  JP-8  or  JP-4,  the  F-4D  was  a faster 
starting  aircraft,  in  the  cartridge  mode. 
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RECOMMENDATIONS 


1.  The  applicable  F-4  tech  orders  be  revised  to  include  JP-8  as  a useable 
fuel. 


2.  The  modified  liner  or  High  Energy  Ignition  (HEI)  system  should  not  be 
incorporated  for  the  purpose  of  improving  cold  weather  starting  performance. 


3.  On  a hung  start  using  JP-8,  the  operator  should  wait  for  30  seconds  before 
terminating  the  start  provided  engine  EGT  does  not  exceed  maximum  temperature 
limits. 


4.  After  the  F-4E  flight  test  program  has  been  completed,  an  evaluation 
should  be  made  to  determine  if  a common  specific  gravity  setting  can  be 
established  for  JP-4  and  JP-8. 


5.  The  applicable  F-4  tech  orders  be  revised  to  note  that  when  the  aircraft 
is  serviced  with  JP-8,  the  start  time  may  extend  out  to  128  seconds  at  extreme 
cold  temperatures. 
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TEST  DIRECTIVE 
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F-4  AIRCRAFT 


i 


COLD  WEATHER  ENVIRONMENTAL 
GROUND  STARTING  TEST 
USING  JP-8  IN  EGLIN 
CLIMATIC  CHAMBER 


DATE:  19  MAY  1978 


PREPARED  BY: 
TOMIO  MITSUNAGA 
MMIRAM 


APPROVAL: 


C^)rma) 

^ PROJECT  ENGINEER / 


U-  X V 


SAFETY  OFFICER 


Q ^JULl  oftv 

SECTION  CHIEF 


arc  tv  test  otrptttvp: 


T.  Arbun 'strati  on  Dates 

lAarpcnes  '>0  purpose  of  the  qrovi^  teqt  is  to  determl ne  If  toen»  1 <* 
any  deqra"bt  ior.  to  the  F*  ground  «!tart  dir  i nq  cold  was  the  r starting  when  the 
fl<rc'5>.<rt  is  fueled  with  JP-9. 

b.  Backgrounds 

n*'  We  have  N=er  ’nfccmerl  hv  Hefl^crjarters  USAF  that  the  NATO 
countries  vPi  be  converting  from  JP-4  to  JP-8  fuel.  Indications  are  that  •>. 
•5070  p..j  aircraft  receiving  fuel  ir.  the  United  Kingdom  will  be  serviced  v* to 
dTMs.  Pr’-or  to  thir  Jato,  F-4  aircraft  performance  and  operation  when  us:oq 
JP-8  much  be  investigated  to  determine  poor i hie  adverse  affects,  These 
adversfies  mint  then  be  annotated  in  applicable  tech  orders  or  corrected  : r 
nosn  (bln. 

(21  7^0  i-rryad ‘ate  omoom  is  to  determine  the  low  temperature 

tor,rt,'ng  limit  ,-n  both  pneumatic  and  cartridge  starting  modes.  Limited 
toto-ng  has  been  omducted  r>erd  Fbrks,  Air  Fbrce  Base,  North  Dakot/*. 

'nrlioate  that  the  IMF  aircraft  in  toe  cartridge  starting  mode  is  lira1*:/*' 
to  40  ieorees  fa^enhei t art-dent  tenpera tnre . Several  proposals  for  * nprov : r.a 
th»  F4E  starting  s-empe -"a to m have  been  mentioned,  "hese  propoea1  r will  tav« 
to  bn  investigated  nmnirr?rMv  with  the  above  tests. 

c.  Product  Eboineer:  ’n»?;p  Mit~mgga,  Ogden  Air  (ilMIRAi!  Alf'DlOd  4SC-G122. 

Alternate  Dan  00- AT  'WEI  AU'nUVCr  735-7(566. 


TI.  RFSPOMSIBIUTIFS  & EnilP^Ftr’: 

a.  *>st  .M -craft 

In  F4E  (J70-17  engine'  and  a ?a-,  pun  or  RF4C  (079-15  ending  toe1.1  b^ 
provided  by  TAT.  Maintenance,  handi Inc,  operation  and  mod4 fleet  fon  of  (V 
test  aircraft-  shsV>  he  the  re  gpcnpihlitv  of  "TV!  ant’  flqii.r  tort  group. 

b.  Aircraft  Cnurr’  ECruinmcrt: 

A11  flf?E  toou’re'1  bv  ton  aircraft  shall  be  the  resportoh ' ; >' *-%*  f>r  "V 
ard  EJgi  'n  tost  croup. 

c.  Starter  fartr  'dees: 

A to  ,-<■•' mum  or  <?•* , P/l  MV-— 4A,  NSh  1377-hC-OCr-003,  cartridges  wi  ’ 1 bn 
toqyi  red.  ty»  add* t ? cngi  '0  bark --up  cartridges  should  he  made  available  :r 
oann  of  defective  cnrtr  ■' '1qo<-.  Cntot- (dgfjj;  shall  be  prov*d«d  by  Fg"1  j r>  »-nto 
gnoina. 

FUP1 : 

geadcriartorc  \or p aha1’,  make  arrangenppt  to  have  the  JP-8  ava-lab’^  at 
EP’in,  W for  the  teg*  uroo’-arrs.  Handling,  storage  and  d{sp<=rr ’’ng  c*  to,e 
.ip-0  • g 1 1 be  the  rngntmeibi ' 1 to  of  pvg  1 1 test  group. 
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a.  Tnstr umentat ion : 


IXjo  to  time  l i mi  tot ion  imposed , the  only  instr umentation  required  is 
equipment  to  continuously  monitor  the  surface  tenperature  of  the  P/N 
250515-102  manifold  on  each  engine.  Monitoring  equipment  shal1  oe  of  the 
digital  read  out  type.  Accuracy  within  + 2%  of  indicated  tenperature. 
"Tenperature  range  -40^  thru  + 70^F.  Surface  tenperatures  of  manifold 
may  be  sensed  at  any  convient  location  on  manifold.  All  instrumentation 
including  equipment,  installation,  maintenance  and  operation  shall  be  the 
responsibility'  of  the  Eglin  test  group.  Monitoring  the  record  will  be  the 
test  engineers  responsibility  during  testing. 

f.  Ingnition  System  and  Liners: 

"lVo  (2)  High  Ehgergv  Ignition  (HET)  systsms  and  four  (4)  modified 
combustion  liners  to  modify  the  test  aircraft  for  irrproved  engine  starting 
capabilities,  shall  be  furnished  by  OO-ALC. 


ICC.  ENSINE  MODIFICATION: 

Fhgine  modification  and  subsequent  functional  testing  to  assure  quality 
and  proper  engine  performance  shall  lie  the  responsibility  of  TAC  and  Eplin 
test  group,  Elagine  modifications  required  are  as  follows: 

a.  The  engines  in  both  test  aircraft  shall  have  the  number  1 ignitor 
plug  chamber  liner  removed  and  replaced  with  a modified  chamber  liner. 

b.  Hie  right  hand  engine  on  both  test  aircraft  shall  have  the  number 
2 ignitor  ignition  system  mod  if i ed  with  HEI. 


IV.  SAFEIY  REQUIREMENTS: 

a.  Fire  trucks  will  be  on  standby  during  engine  start.  However,  the  fi -e 
truck  need  not  be  at  the  test  area  but  mist  ne  available  for  immediate 
response.  Other  ground  safety  equipment  required  for  the  ground  start  sha - 1 oe 
available.  Headphones  shall  be  used  during  the  ground  test. 

b.  If  the  cartridges  misfire,  safety  precautions  xjtlined  in  1F-4  (2-8) 
will  be  adhered  to. 


V.  DISPOSITION  INSTRUCTIONS: 

a.  At  the  end  of  the  test,  the  aircraft  will  be  defueled  and  bucket, 
drained  of  all  JB-8  fuel.  The  aircraft  will,  be  refueled  with  JP-4  and  the 
engines  de-modified  to  original  configuration.  Then  the  aircraft  will  be 
released  to  the  using  cotmand. 

b.  the  disposition  of  un-used  JP-8  will  be  the  responsibility  of  the 
Bglin  test  group. 

c.  Expended  starter  cartridges  will  be  certified  inert  in  accordance  with 
TO  11A-1-60 . 

d.  Unused  cartridges  will  be  returned  to  supply  source. 
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VI.  FLK3TT  ENVELOPE  EMBLEM:  N/A 


r 


VII.  SYSTEM  SAFETY  ANALYSIS: 

The  available  information  of  JP-8  indicates  that  it  has  a higher  flash  point 
and  lower  volatility  then  JP-4;  therefore,  there  is  less  chance  of  fire  during 
fuel  spillage.  JP-8  has  been  used  in  F-4  aircraft  with  no  major  problems 
according  to  the  flight  test  report  from  Edwards  AEB,  California.  The  only 
problem  area  that  we  know  of  is  that  in  cold  weather  the  engine  mayAiaynot  be 
able  to  start.  This  could  result  in  engine  over  tenperature/or  hung  start. 
Since  the  engine  EGT  and  engine  start  time  will  be  monitored  closely,  the 
engine  over  teitperature  can  be  prevented;  therefore,  we  are  of  opinion  that 
only  the  normal  safety  precautions  are  required.  Similiar  ground  tests  were 
conducted  at  Grand  Forks  AFB,  North  Dakota  with  no  problems,  therefore,  no 
further  system  safety  analysis  is  required. 


VIII.  PRE-TEST,  FUNCTIONAL  TESTS  & INSPECTION  REQUIREMENTS: 

a.  After  engines  have  been  modified  with  HEI  and  combustion  chamber  liner 
and  have  been  reinstalled  in  the  aircraft,  the  engines  will  be  functionally 
checked  for  proper  operation. 

b.  The  pneumatic/electrical  power  ground  carts  will  be  functionally 
checked  for  proper  operation. 

c.  Each  cartr  idge,  MXU/4A,  will  be  inspected  for  any  defects,  and  if  a 
cartridge  is  found  to  be  defective,  the  cartridge  will  be  condemned  and 
disposed  in  accordance  with  applicable  T.O. 

d.  After  each  cartridge  start,  the  cartridge  chamber  will  be  cleaned  in 
accordance  with  applicable  TO.  lF-4(  ) -2-8 . 

e.  Prior  to  each  ground  start  a prefli.gh  inspection  will  be  performed  on 
the  aircraft. 

IX.  TEST  PROCEDURES: 

a.  The  pneumatic  and  cartridges  starts  of  these  procedures  will  be 

accomplished  per  Table  I.  & Table  II.  TWo  starts  perday  per  aircraft  will 

be  made  with  the  cartridge  being  first  start  of  the  day  followed  by  ■ 

pneumatic  start  in  the  afternoon. 

b.  Pneumatic  Start: 

(1)  Deliver  test  aircraft  to  climatic  chamber  & secure. 

(2)  Service  test  aircraft  with  fuel  if  required. 

(3)  Gold  soak  test  aircraft  to  test  temperature  ocndition. 

(4)  Pre-flight  & prepared  test  aircraft  for  pneumatic  start. 
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<•**> 


X * 

••  H a - 

V* 

START 

TYPE 

MODE 

OF 

FUEL 

UAKT/  JP-4 
PNEU 


.82  CART/  JP-8 
PNEU 


.82  CART/  JP-8 
PNEU 


. 82  CART/ 
PNEU 


TABLE  1 
TEST  SCHEDULE 
J79-15 


] J79^ 

15 

Eng  Test  Condition 

ENGINE /AC FT 

CONFIGURATION 

RH 

LH 

STANDARD 

STANDARD 

STANDARD 


C/B  No  1 Pulled 
(Ignitor) 


C/B  No  1 Pulled 
(Ignitor) 


Modified 
Lined  & 
Standard 
Ignition 
Sys  tem 


Modified 
Liner  & 
Standard 
Ignition 
System 


C/B  No  2 Pulled 
Ignition 


STANDARD  STANDARD 


MODIFIED 
LINER 
WITH  HEl 


* • 

* To  be  selected  after  above  test  has  been 
completed  and  results  analyzed. 


MODIFIED 

LINER 


C/B  No  1 Pulled  RH 
Eng  - 2 Ignitor  has 
Stand  Ignition  LH  En| 
2 Ignitor  has  standai 
Ignition 


C/B  No  2 Pulled  (Igni 
#1  Ignitor  on  RH  & LH 
Engine  will  have  HEl 
Connected 


TABLE  II 


TEST  SCHEDULE 


J79-17  ENGINE 


START- 

ING 

MODE 


OfllU  / 

PNEU 


CART/ 

PNEU 


CART/ 

PMEU 


CHAMBER 

TEMP 

°F 


J79-17  ENG 

ENG  TEST  CONDITION 

ENGINE /ACFT 

RH 

LH 

CONFIGURATION 

| MODIFIED 
j LINER  & 
STANDARD 
IGNITION 
SYSTEM 


STANDARD 


STANDARD 


MODIFIED 
LINER  & 
STANDARD 
IGNITION 
SYSTEM 


C/B  No  I Pulled 
(Ignitor) 


C/B  No  1 Pulled 
Ignitor 


C/B  No  2 Pulled 
(Ignitor) 


0.82 

o.'/S 

/.  f. 


CART/ 

PNEU 


STANDARD  STANDARD 


C/B  No  1 Pulled  RH  Eng: 
#2  Ignitor  has  Standard 
Ignition.  LH  Eng:  #2 
Ignition  has  Standard 
Ignitor 


MODIFIED  MODIFIED 
LINER  WITH  LINER  W* 
HE  1 iMr 


C/B  No. £ pulled 
(Ignitor)  #1  Ignitor 
on  SK  fii  LH  Engine  vill 
have  BE!  Connected. 


* To  be  selected  after  above  test  has  been 
completed  and  results  analyzed. 


b.  Prior  to  and  during  the  ground  start  the  following  data  is  required 
and  shall  be  recorded: 

(1)  ftieumatic  ground  cart  pressure  (psig-static  head)  and  lowest 
pressure  daring  start. 

(2)  Fuel  Tenp:  The  engine  fuel  manifold  teirperature  will  be 

recorded. 

(3)  Climatic  chamber  tenp  prior  to  each  start. 

(4)  Cartridge  serial  number  and  lot  nunber. 

(5)  Max  engine  EOT. 

(6)  Time  to  idle. 

(7)  Fuel  flow  (max  and  minimum) . 

(8)  Cartridge  burn  out  time. 

(9)  Type  of  starting  mode,  cartridge  or  pneumatic. 

(10)  Specific  gravity  setting  on  the  main  fuel  control,  0.78  or  0.82. 

(11)  Ehgine  igniticn  time. 

(12)  Operators  remarks. 

XI.  TEST  PROCEDURE  CHANGE: 

The  ground  starting  test  schedule  (Table  1)  can  be  changed  at  the 
descretion  of  the  project  engineer  if  it  is  determined  during  testing  that 
additional  tests  are  required,  however,  any  additional  tests  to  be  performed 
will  be  coordirated  with  Eplin  test  group. 


CAUTION  NOTE 


Vtfien  engines  operate  under  extreme  cold  condition,  they  will  be 
operated  IAW  1F-4C-2-8,  Paragraph  2-41. 


XII  PHOTOGRAPHS: 

A maximum  of  15  photographs,  8 X 11  black  and  white,  will  be  taken.  The 
subjects  to  be  photographed  will  be  selected  by  the  project  engineer. 


XIII  Priority:  The  priority  for  evaluating  JP-8  in  Air  Force  Aircraft  is 
FAD  II,  2-7,  which  was  established  by  HQ  USAF. 
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(5)  Pul)  the  circuit  breaker  for  the  rmbtr  1 ignitor  plugs  for  both 
engines. 

(6)  Start  right  engine.  Starting  procedure  will  be  in  accordance 
with  TO  LF-4C(  ) -2-8  for  pneuaatlc  starts. 

(7)  Start  left  engine « Starting  procedure  will  be  in  accordance 
with  TO  1F-4 ( ) -2-8 . The  ri^it  engine  will  remain  at  idle  while 
starting  the  left  engine. 

(8)  After  both  engines  have  obtained  idle  RMP,  englnea  will  be 
operated  at  Mil-Bower  for  at  least  30  seconds. 

(9)  Shut  down  engines  and  disconnect  ground  airport  equipment, 
c.  CartrlAje  9tart: 

(1)  Deliver  test  aircraft  to  climatic  chamber  & secure. 

(2)  Service  test  aircraft  with  fuel  if  fuel  level  is  below  3000 
pounds. 

(3)  Cold  soak  test  aircraft  to  test  benperature  condition. 

(4)  Pre-f 3 ight  and  prepare  aircraft  for  cartridge  start. 

(5)  Pul1  the  circuit  breakers  for  the  number  1 ignitor  plug  for  both 
engines. 

(6)  Start  the  right  engine.  Starting  procedures  will  be  in 
accorcbnoe  with  1F-4C(  ) -2-8. 

(7)  Start  the  left  engine.  Starting  procedure  will  be  in  accordance 
with  1F-4 ( )-2-8.  The  right  hand  engine  will  remain  at  idle  when 
starting  left  hand  engine. 

(8)  After  both  engines  have  been  started  and  are  at  idle  RIM, 
engines  will  be  operated  at  Mil-Bower  for  at  least  30  saoonds  prior 
to  shut  down. 

(9)  Shut  down  engines. 

(10)  Remove  spent  cartridge  starters  using  asbestos  gloves  to  prevent 
burning  of  hand.  After  breech  caps  have  cooled,  the  breech  cap  and 
chamber  will  be  cleaned  with  non-raetallic  scouring  pad,  then  cleaned 
with  a cloth  danpened  in  bicarbonate  sods  solution. 

(11)  Replace  breech  cap  on  starter. 


X.  DATA  RHQUIKEMENTS: 

a.  Statistical  objective:  Tto  determine  that  the  F-4  aircraft  can  be 
started  in  cold  weather  using  JP-8  with  specific  gravity  on  the  main  fuel 
control  set  at  0.78  and  0.82. 
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F-4D  LH  ENGINE  GROUND  START  DATA 
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F-HE  AND  F-4D  ENGINE  STARTING  TIME  AND  RUN  DATA 
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FUEL  ANALYSIS  - LAB  REPORT 
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PHOTOS 


OUTSIDE  VIEW  OF  AIRCRAFT  & CART  EXHAUST 


POSITIONING  OF  M32A-60  AIR  CART 


